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[57] ABSTRACT 

A driver ciraiit to drive a display by inverting the voltage 
polarity operates with a reduced power consumption. The 
driver circuit includes a driving voltage selector circuit 
including positive and negative driving voltage selector 
circuits alternately arranged therein and a circuit which 
conducts a change-over operation between a state in which 
signals respectively from the positive and negative driving 
voltage selector circuits are respectively outputted to first 
and second terminals in a first horizontal period and a state 
in which signals respectively from the positive and negative 
driving voltage selector circuits are respectively sent to 
second and first terminals in a second horizontal period. 

8 Claims, 12 Drawing Sheets 
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DRIVER CIRCUIT FOR DRIVING UQUID- 
CRYSTAL DISPLAY 

BACKGROUND OF THE INVENTION 

The present invention relates to a driver circuit, and in ^ 
particular, to a driver circuit for driving a liquid-crystal 
display (LCD), 

DESCRIPTION OF THE PRIOR ART 

Liquid-crystal displays have been recently employed in 
various computers such as notebook personal computers and 
hence the size and performance thereof are been remarkably 
increasing every year. The display above includes a driver 
circuit to output a large number of gradations for a highly 
precise image and to drive the display with an altemating- 
cunent drive for a longer life thereof. An example of the 
driver circuit has been described in the Japanese Patent 
Laid-Open No. 4-149591. The configuration of the driver 
will be now described in detail by referring to FIGS. 1 and 
4, 

In FIG. 4, a driver circuit 34 includes k n-bit shift registers 
15 each to obtain video input data 7 in response to a clock 
pulse Vc, k n-bit latches 16 each to attain the input data in 
response to a latch pulse Vr, k selector circuits 14 each to 25 
produce a selection signal according to the data thus 
attained, and a switching section 3 to select and set to a 
conductive state a transistor to which a voltage is being 
supplied depending on the selection signals respectively 
from k selector circuits 14. The first n-bit shift register 15 30 
receives n-bit data in parallel in response to the clock pulse 
Vc. Each of the other (k-1) n-bit shift registers 15 obtains 
in response to the next clock pulse Vc data outputted from 
the n-bit shift register 15 preceding thereto. When pixel data 
Vi is received in the shift registers 15, k clock pulses Vc are 35 
counted. In response thereto, a latch pulse Vr is produced. 
The switching section 3 includes k switching circuits 31 
respectively corresponding to the k selector circuits. Each 
switching circuit 31 includes m transistors to produce a 
picture in m gradation levels. TTie circuit 31 is responsive to 40 
a selection signal from an associated selector 14 to make 
conductive a transistor corresponding to the selection signal 
and then selectively connects m-gradation voltages VI to 
Vm, which are to be respectively fed from m-gradation 
voltage input terminals Sa to 8m, respectively to output 45 
terminals Tl to Tk, thereby providing driving output volt- 
ages VI to Vm, FIG. 3 shows an m-gradation voltage 
generating circuit to produce the voltages VI to Vm in m 
gradation levels. In this circuit, the polarity of each of the 
voltages VI to Vm to be fed to the switching section 3 is 50 
inverted according to a change-over switch signal SW. By 
supplying the m-gradation voltages VI to Vm alternately 
different in polarity to driver circuits 34 shown respectively 
in the upper and lower portions in FIG. 4, source lines 36 arc 
driven to be inverted at an interval of one horizontal period. 55 
FIG. 2 shows a relationship between the driving output 
voltages from the switching section 3, transistors set to the 
conductive state, and video input data. In this connection, 
FIGS. 6 and 7 show the states of polarity in the LCD in one 
horizontal period and that in the subsequent horizontal 50 
period. 

Furthermore, when compared with the LCD of FIG. 4 in 
which a driver section 34 is arranged on each side of a 
display section 32, to increase the display area while keeping 
the overall surface area unchanged, attention has been more 65 
drawn to a display of FIG. 5 including a driver section 35 on 
one side of a display section 32. In this configuration. 
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however, each driver circuit 35 is required to supply adjacent 
source lines respectively with driving voltages respectively 
having positive and negative polarities so as to change the 
polarities of driving voltages to be applied to the adjacent 
source lines at an interval of one horizontal period. 
Consequently, like in the driver section 34 shown in FIG. 1, 
the polarities of m-gradation voltages produced firom the 
m-gradation voltage generator 100 arc altered by change- 
over switches to achieve the polarity inverting operation 
above. 

Since the m gradation voltages from the m-gradation 
voltage generator are inverted in polarity at an interval of 
one horizontal period, the wiring capacity of wirings from 
the voltage generator to the re^ective transistors of the 
switching section 3 as well as the junction capacity of each 
transistor are required to be electrically charged or dis- 
charged according to the polarity inversion, resulting in an 
increased power consumption. In addition, the adjacent 
pixels of the LCD respectively have the different polarities 
in any situation and the polarity of each pixel is changed in 
the next horizontal period. Therefore, the source lines sup- 
plied with the voltages to drive the LCD is electrically 
charged or discharged according to the the polarity inversion 
in the subsequent horizontal period, which disadvanta- 
geoxisly increases the consumed power. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a driver circuit to drive a liquid-crystal display with a 
reduced power consumption. 

In accordance with the present invention, there is pro- 
vided a driver circuit including a first driving voltage 
selector circuit and a second driving voltage selector circ\iit 
for respectively producing therefrom driving voltages 
respectively to a first output terminal and a second output 
terminal according to data inputted thereto, the driving 
voltage fed to the first output terminal having a polarity 
different from that of the driving voltage delivered to the 
second output terminal. The driver circuit further includes a 
first driving output terminal and a second driving output 
terminal disposed respectively in association with the first 
and second output terminals, and switching means respec- 
tively disposed between the first and second output tenninals 
and between the first and second driving output terminals. 

By appropriately operating the switching unit between the 
output terminal and the driving output terminal, each driving 
voltage selector circuit receives only a positive or negative 
m-gradation voltage and hence it is not necessary for the 
m-gradation voltage generator to electrically charge or dis- 
charge the wiring capacity and junction capacity, thereby 
reducing the power consumption. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention will 
become more apparent from the consideration of the fol- 
lowing detailed description taken in conjunction with the 
accompanying drawings in which: 

FIG. 1 is a schematic block diagram showing a conven- 
tional driver circuit; 

FIG. 2 is a table showing a conventional example of 
output signal selection in the driver circuit; 

FIG. 3 is a diagram schematically showing ao 
m-gradation voltage generator employed in the conventional 
driver circuit; 

FIG. 4 is a diagram showing the circuit layout including 
a driver circuit in both sides of a display section; 
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FIG. 5 is a diagram showing the circuit layout including respectively by positive and negative driving voltages from 

a driver circuit only in one side of the display section; the driving circuit 34. First, when 2 k clock pulses Vc arc 

FIG. 6 is a diagram for explaining an example of opera- counted, a latch pulse Vr is generated such that pixel data Vi 

tioQ to control the screen according to dot inversion; ^^^^f^ ^-^l^ shift registers is fed to the 

r .i- irS D-bit latches 16 respectively corresponding thereto. Accord- 

FIG. 7 IS a diagram for explammg another example of ^ ^^^^^ ^ /^.^ ^^^^^ ^^^^ 

operation to control the screen accordmg to dot inversion; o(U-nmnbered selector 51 delivers a positive voltage to the 

FIG. 8 IS a schematic block diagram showmg a first output terminal Oo and each even-numbered selector 52 

embodiment of the driver circuit in accordance with the outputs a negative volUge to the output terminal Oe. When 

present invention; the polarity switch signal V+/- is thereafter set to "1", all 

FIG. 9 is a signal timing chart showing operation of the switches SW^ and SWoe are rendered conductive and 

first embodiment; nonconduclive, respectively. As a result, the driving signals 

FIG. 10 is a table for explaining operation of a switching produced according to the pixel data \^ are respectively 

section of the first embodiment in accordance with the supplied to the driving output terminals To and Te such that 
present invention; 15 positive and negative driving voltages are applied to the 

FIG. 11 is a block diagram showing a second embodiment odd-numbered and even-numbered source lines, respec- 

of the driver circuit in accordance with the present inven- t^^ely. In short, the signals from the odd-numbered selectors 

tion; ^1 ^® *o odd-numbered driving output terminals lb 

mo. 12 is a timing chart of signals of the second even-numbered selectors 52 are fed to the 
embodiment; 20 even-numbered driving output terminals Te. 

FIG. 13 is a table for explaining operation of a switching .P^'^P^^" ^? ^"^"'^ operation in which the 

section of the second embodiment; and odd-numbered and even-numbered source lines are respec- 

^ . . , . , . , tively driven by the negative and positive dnving voltages in 

FIG. 14 is a diagram showmg an m-gradation voltage ju - .i -j^^tu .u i *j 

. . r 1 • the second honzontal period. When the pulses are counted 

generator used m the dnver circuit of the present invention. ^ ^ ^ ^.^^y^ ^j^j. ^ j^^^ ^^^^ ^ 

DESCRIPTION OF THE PREFERRED generated such that pixel data Vi stored in the second to (2 

EMBODIMENTS k+l)-st n-bit shift registers is delivered to the n-bit latches 16 

respectively associated therewith. Depending on the pixel 

Referring now to the accompanying drawings, description ^j^ta Vi thus arranged in the n-bit latches 16, each odd- 

wiU be given of embodiments of tiie driver circuit in 3^ numbered selector 51 deUvers a positive voltage to the 

accordance with tiie present invention. output terminal Oo and each even-numbered selector 52 

FIG. 8 shows a first embodiment of the driver circuit of sends a negative voltage to the output terminal Oe. 
the present invention. In this construction, the same con- Thereafter, when the polarity switch signal V+/- is set to 
stituent elements as those of the conventional LCD shown in "(y*^ the switches SW^ and SW^ are made to be conductive 
FIG. 1 will be assigned with the same reference numerals 35 and nonconductive, respectively. Therefore, the driving sig- 
and it is hence to be understood that description thereof will nals created according to the pixel data Vi are fed to the 
be unnecessary. Like the configuration of FIG. 5, the driver driving output terminals T such that negative and positive 
circuit of FIG. 8 is provided only on one side of a display driving voltages are applied to the odd-numbered and even- 
section in this embodiment, numbered sowce lines, respectively. That is, the signals 

As can be seen from FIG. 8, to drive source lines in 2 k 40 outputted from the odd-numbered selectors 51 are fed to the 
stages, there are disposed (2k+l) n-bit shift registers 15, (2 even-numbered driving output terminals Te and those from 
k+1) n-bit latches 16, (2 k+1) selector circuits 14, a driving even -numbered selectors 52 are transmitted to the odd- 
voltage selector circuit 5 including k positive driving voltage numbered driving output terminals To. In this embodiment, 
selector circuits 51 and (k+1) negative driving voltage to minimize the difference in the delay time between the 
selector circuits 52, and a switching section 4. The section 45 driving voltages fed to the terminals Te and those delivered 
4 includes driving output terminals T and switches SW^ each to the other driving output terminals, there are employed the 
disposed respectively between an output terminal 0 of the (2 k+l)-th n-bit shift register 15, (2 k+l)-th n-bit latch 16, 
selector circuit 5 and an associated driving output terminal (2k+l)-th selector circuit, and (2 k+l)-tb driving voltage 
T and switches SWoe each connecting the output terminal 0 selector circuit 5 so that the signal from the (2 k+l)-th 
to an adjacent driving output terminal T. The switches SW^ 50 driving voltage selector circuit 5 is supplied via the switch 
and SWoe are complementarily controlled depending on a SWoe to the driving output terminals Te. In this situation, 
polarity switch signal V+/- received via a terminal 20. For when the delay time is negligibly small or need not be taken 
example, the switch signal V+/- is directiy fed to the switch into consideration, the output Ool from the first selector 51 
SW„; whereas, before the signal V+/- is delivered to the may be linked via the switch SWoe to the driving output 
switch SWoe, the signal V+/- is required to be inverted, e.g., 55 terminal Tek to advantageously minimize the size of the 
by an inverter. In the driving voltage selector 5, positive circuit configuration. In this case, however, there is required 
driving voltages +V1 to +Vm arc supplied to odd-numbered means for changing the sequence of data to be inputted to 
stages and negative driving voltages -VI to -Vm are fed to n-bit shift registers 15. Namely, the means functions such 
even-numbered stages, FIG. 14 shows an m-gradation volt- that data items sequentially received in an order of 1, 
age generator to supply positive and negative m-gradation so 2, . . . , 2 k directly supplied to the n-bit shift registers 15 in 
voltages to the selector 5. the first horizontal period are fed to the n-bit shift registers 

Operation of the driver of the embodiment will be 15 in a sequence of 2 k, 1, 2, ... , 2k-l in the second 

described in detail by referring to FIGS. 9 and 10. Assume horizontal period. 

that the odd-numbered source lines respectively linked with Since the driving voltage is altered in polarity at an 

the odd-numbered driving output terminals To and the 65 interval of one horizontal period, the voltages fed to the 

even-numbered source lines respectively coupled with the driving voltage selector 5 need not be changed. This means 

even-Dumbered driving output terminals Te are driven that the capacity between the selector circuits 5 and the 
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m-gradation voltage generator need cot be charged or dis- 
charged for each polarity inversion, which hence leads to 
reductioa in the power consumption and increase in the 
operation speed. 

Referring next to FIG. 11, description will be given of the 5 
second embodiment of the driver circuit in accordance with 
the present invention. The constitution of the second 
embodiment is almost the same as that of the first embodi- 
ment excepting the switching section 4. Therefore, descrip- 
tion wOl be given only of the section 4. lO 

The switching section 4 of the second embodiment 
includes a balanced circuit 6, switches SWoe each to connect 
the output terminal Oe? to an adjacent driving output terminal 
T, and switches SW^ each to connect an odd-numbered 
driving output terminal to an even-numbered driving ou^ut 
terminal. The balanced circuit 6 includes a plurality of 
switches SW, each arranged between an output terminal 0 of 
the driving voltage selector 5 and a driving output terminal 
T associated therewith. 

Operation of the switching section 4 will be described by ^ 
referring to FIGS. 12 and 13. The switch SW, is responsive 
to a signal Vs invoked by a latch signal Vr to equalize the 
electric charge on the source lines connected to odd- 
numbered driving output terminals with that on the source 
lines connected to even-numbered driving ou^ut terminals ^ 
such that the source lines are biased substantially to an 
intermediate voltage between the negative and positive 
voltages. However, the switches SW^ and SWeo are con- 
trolled as follows. In a state in which the signal Vs rises, the 
switches SW^ and SWeo are rendered nonconductive. After 
the signal Vs falls, either one of the switches SW and SWeo 
is set to a conductive state so as to supply the driving output 
terminal T with a driving voltage associated with the pixel 
data. 

As above, before the driving voltage is delivered to the 
driving output terminal T, the source Unes respectively 
connected to the pertinent driving output terminals are 
biased to an intermediate voltage between the negative and 
positive voltages. Consequently, it is only necessary to ^ 
electrically charge or discharge each driving output terminal 
from the intermediate voltage to the positive or negative 
voltage. This reduces the range in which the voltage is 
changed and hence the power consumption is advanta- 
geously minimized. 

In the description of the first and second embodiments 
above, the output stage of the driver circuit includes 
switches to selectively supply driving signals via odd- 
nxmibered and even-numbered stages of the output stage. 
However, to obtain the same advantageous effect, there may 50 
be respectively arranged a similar switching circuit between 
the n-bit latch and the selector circuit, between the selector 
circuit and the driving voltage selecting circuit, and between 
the n-bit registers and latches. 

Moreover, in the description of the embodiments, there is 55 
employed a switch in the driver circuit to effect a polarity 
inversion such that the voltages fed to the adjacent source 
lines have mutually different polarities. However, the 
present invention is applicable to such driving methods as an 
active matrix driving method in which each pixel is indi- eo 
vidually controlled and a method in which the polarity is 
inverted at an interval of several lines. 

In accordance with the present invention described above, 
the driving voltage selector circuit includes a section to 
produce a positive driving voltage and a section to generate 65 
a negative driving voltage. The ou^uts from the voltage 
selector circuit are alternately connected to odd-numbered 
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and even-numbered source lines at an interval of one hori- 
zontal period. With this provision, the source lines can be 
driven without inverting at an interval of one horizontal 
period the polarity of each voltage from the m-gradation 
voltage generator disposed to produce m-gradation voltages. 
This results in reduction of the power consumption. 
Furthermore, the source lines can be set to an intermediate 
voltage between the positive and negative voltage by estab- 
lishing a connection between the adjacent source lines and 
hence it is possible to minimize the change in the voltage 
thereof when a positive or negative voltage is applied 
thereto, which further contributes to the reduction of the 
power consumption. 

While the present invention has been described with 
reference to the particular illustrative embodiments, it is not 
to be restricted by those embodiments but only by the 
appended claims. It is to be appreciated that those skilled in 
the art can change or modify the embodiments without 
departing from the scope and spirit of the present invention. 

What is claimed is: 

1. A driver circuit comprising: 

a first driving voltage selector circuit and a second driving 
voltage selector circuit for respectively producing 
therefrom driving voltages respectively to first output 
terminals and second output terminals according to data 
inputted thereto, the driving voltage fed to the first 
output terminals having a polarity different from that of 
the driving voltage delivered to the second output 
terminals; 

a first switching circuit selectively cormecting said first 
output terminals to first driving output terminals, a 
second switching circuit selectively connecting said 
second output terminals to second driving output ter- 
minals; and 

a third switching circuit selectively cormecting said first 
output terminals to said second driving output 
terminals, and selectively connecting said second out- 
put terminals to said first driving output terminals. 

2. A driver circuit in accordance with claim 1, wherein: 
each said switching circuit being controlled by a control 

signal, 

one said control signal is at a first level said first switching 
circuit connecting said first output terminals to said 
driving output terminals and said second switching 
circuit connecting said second output terminals to said 
second driving output terminals, and 

one said control signal is at a second level said third 
switching circuit connecting said first output terminals 
to said second driving output terminals, and connecting 
said second output terminals to said first driving output 
terminals. 

3. A driver circuit in accordance with claim 1, wherein: 
the first driving voltage selector circuit generates a driving 

voltage having a first polarity in any situation; and 
the second driving voltage selector circuit generates a 
driving voltage having a second polarity different from 
the first polarity in any situation. 

4. Adriver circuit as claimed in claim 1, wherein each said 
driving voltage selector circuits fiirther comprising a plu- 
rality of transistors to produce a picture in a plurality of 
gradation levels. 

5. A driver circuit as claimed in claim 4, wherein the 
output lines from said plurality of transistors in each driving 
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voltage selector circuit being connected to said first and 
second output tenninals, respectively, and the ou^ut lines of 
said plurality of transistors outputting a plurality of voltage 
levels. 

6. A driver circuit as claimed in claim 4, further compris- 
ing a selector circuit for each respective driving voltage 
selector circuit, said selector circuit enabling the control 
lines of said plurality of transistors. 

7. A driver circuit as claimed in claim 6, further compris- 
ing a plurality of n-bit shift shift registers, said shift registers 
obtaining video input data in response to a clock pulse; and 
a plurality of n-bit latch to hold said video input data in 
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response to a latch pulse, said selector circuits producing a 
selection signal to said control lines of said plurality of 
transistors in response to said video input data in said n-bit 
latch. 

8. A driver circuit as claimed in claim 1, further compris- 
ing a fourth switching circuit selectively connecting said 
first driving output terminals to second driving output 
tenninals, said fourth switching circuit being to equalize the 
electric charge of said first and second driving output 
tenninals. 
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